(19) 



(12) 



Europaisches Patentamt 
European Patent Office 
Office europten des brevets 



(11) 



EP0 778 516 A2 



EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) lnt.CI.^: G06F3/14 




11.06.1997 Bulletin 1997/24 


(21) 


Application number: 96119315.8 




(22) 


Date of filing: 02.12.1996 




(84) 


Designated Contracting States: 


• Fix, Douglas M. 




DE FR GB IT NL 


Allen, TX 75002 (US) 






• Sexton, William J. 


(30) 


Priority: 01 .1 2.1 995 US 7841 


The Colony, TX 75056 (US) 


(71) 




• Hewlett, Gregory 


Applicants: 


Garland, TX 75044 (US) 


• 


TEXAS INSTRUMENTS INCORPORATED 




Dallas Texas 75265 (US) 


(74) Representative: Schwepfinger, Karl-Heinz, Dipl.- 


• 


IBM United Kingdom Limited 


Ing. 




Winchester, Hampshire S02 2M (GB) 


Prinz & Partner, 


(72) 


Inventors: 


Manzingerweg 7 


81241 Munchen (DE) 


• 


Kerigan, Shaun 




Kilmacolm, Renfrewshire PA14 4PL (GB) 





(54) Hardware independent display device Interface 



(57) A digital display device interface for a host sys- 
tem (12) and its display device (14) and peripherals. 
The interface has separate logical and physical levels, 
thereby making the interface independent of any hard- 
ware configuration or connector The initialization logic 
level allows dynamic configuration of the system upon 



power up or initialization. The display data level (30) 
controls the video data sent for display in a continuous, 
full bandwidth data stream. The I/O data level (32) con- 
trols communications betwe«i peripheral devices 
(18a... IBx) connected to the display device (14) and the 
system (12). 
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FIELD OF THE INVENTION 
BACKGROUND OF THE INVENTION 



SUMMARY OF THE INVENTION 

whSh connect iedlXdevS to ^h^'srsS, "'^''^ "'^''""^ *° « 

3S cedu'Iir' ^'9'*^' ^ devices to be used with the same pre 

face mor: l^o^s; :S^refo;:;ilir ''^"^ °' ^^^^ -^^^ the inter- 

devl^i ' "^""^'^ °' « ^-"^ ^ ^ P'ay configuration for peripherals and display 

.or ^:c^:zzv^;;7ii''' ^^^^ ''"^^ ^^'^"^ ^^-^-^^ -^^--^ ^^^^^^ 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

Bgure 1 shows a Mock diagram o! a hoa> s^om »«, a digital displa, d«ice and padpbarals; and 

f'Sif dtSS d^t '-^"^ ' ^ ^i™™ o, 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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device 14 to communicate as well as allowing the peripherals 18a.. .18x to communicate with the host. 

The host computer has a digital display device interface that allows it to use one o1 several hardware configurations 
and a selection of available peripherals. The configuration renr^ins flexible, since the host sends queries via the inter- 
face to the display device and other peripherals to gather the information necessary to configure the channels of com- 
5 munication. 

Figure 2 shows a process by which the host computer configures its communications to be al^le to send display 
data and receive input from peripherals through its digital display device interlace (or digital monitor interface. DMI). 
"Digital display device" refers to a display device that displays data digitally or has a fixed pixel format. One aspect of 
this invention includes the ability to use standard analog displays with hosts that use a cfigital display device interface. 

w thereby allowing a gradual move to digital displays. Another aspect is that the display adapter may be installed in the 
display device rather than the host. 

For ease of discussion, the interface will be discussed relative to various layers and sut)leveis. The logical layer 
includes a display data level, an input/output (I/O) data level, and an initialization level. The physical laye^ contains two 
sublayers, an electrical level and a mechanical level. The electrical sublayer has a mandatory element and several 

15 optional elements. These consist of an initialization bus element, a high speed, uni -directional bus element, and a 
medium to high speed bi-directional bus element. The initialization bus is mandatory and at least one of the remaining 
bus elements is mandatory with both being optional. The initialization bus element is intended to interface directly with 
the initialization level of the logical layer. The remaining two bus elenrrents flexibly map back to both the I/O data level 
and the display data level of the logical layer. 

20 The mechanical level brings the mandatory electrical elenent with the optional elements and their respective logi- 
cal levels together at the connector. The discussion will begin with the logical level. 

Following power on. in step 20. the interface begins to gather the necessary data to configure the communications 
channels between the system, display device arxJ other peripherals. The power on step could also equate to a system 
boot, or any instance when the operating system loads or initializes. At initialization, the host and peripherals may 

25 optionally run internal self test routines to ascertain their ability to function and communicate via the available inter- 
faces, shown at step 21 in Figure 2. The host system will then perform a series of steps as shown in steps 22-25 in Fig- 
ure 2. to identify what buses are available, which peripherals are connected to each bus and to configure the interface 
accordingly The display device will at this time send a digital extended display identification (DEDID) to the host via the 
mandatory initialization bus element. The DEDID provides the host information on the display device's functional capa- 

30 bilities. interface capabilities, default settings and option status for further host configuration. 

Note that the peripherals 18a.. .18x, such as a mouse, camera, keyboard, etc. are connected to or through the dis- 
play device 14 in Figure 1 . In the workstation or PC environment, this is considered desirable. The host system may sit 
on the floor, or be a server that sits in another room. Connecting the peripherals through the display device prevents 
extra cables and allows for ease of connection and disconnection. The peripfierals may communicate to the display 

35 device and the display device relays the information, if the display device has some type of on board intelligence, or the 
display device may just pass the information to the host system without any interaction with it. 

Referring back to Figure 2, once the interface has completed the initialization, the next two steps in the process 
occur somewhat simultaneously. As shown by the larger arrow 28. the st^ of sending display data 30 involves a larger 
annount of data traveling from the host to the display device, normally along the high speed, uni-directional bus. This 

40 data stream consists of a continuous stream of real-time pixel data sent at the full bandwidth of the system. In one 
embodiment of the invention, this data stream is 24 bits per color, three colors. In contrast, the data being sent at step 
32. at the I/O data level is irrtermitterrt and can be uni-directional or bi-directional. Peripherals, such as keyboards, point- 
ing devices, cameras, etc., send their inputs to the host system/ The host system then changes the display data in step 
[ 30 to account for these new iiiputis a© necessary. This change only occurs wheels the peripherals have sent in new data, y 

45 ;or the application on the host system has changed. An example of new infornriation might be.OpenGLcpmrnands to the^ 
^display adapter or^rightness or fpci^ adjustments to ah opticalprpjedor. An^^ of an application that may require 
the use of this channel might be software that allows transfer of compressed video. 

At initial program load, or startup, some initialization communication may be performed along the optional I/O data 
link. The specific information of the configuration of the system must be identified and communicated to the host via the 

50 DEDID. The display device interface is designed to support several different architectures arrd components. However. 

in^der for the system to functioa ttie display-device must send^,e?;ific inforrnai^o^ - ^ 

rforjhat particular set of components., TOis could be sent along a bi-directional bus as oodel identifying such things^s 
rv pointing dgviceinformation. diagnostic information, etc. The host system would then tailor the'fufictiB^i^ of the display^ ^ 
device With display parameters, such as the number of display data channels enabled, di'splay data channel type (LVDS, 

55 liber, arialog, etc.). addressability of the display, selected color t^hnperatLire. update and fe^resh r^s, etc. ^ ^ 3 
The following tables illustrate the proce^ of Figure 2 irT a slightly different format; 

/ 
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TABLE I 



DMI Architecture 
DESCRIPTION/EXAMPLES 
Displayable Decoded Information 
Full bandwidth analog 
Full bandwidth digital 
Displayable Encoded Information 
Compressed video 
Graphic Primitives (draw and move) 
Graphic orders (OpenGL) 
Digital audio 
Camera Video In 
Keyboards 

Pointing devices (pens, mice) 
Scanners 
Display control 
DEDID 
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TABLE II DMI Host Software Architecture and Mechanical Level 
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In Table II. the three-level interface of Table I become part of the host architecture. The first three rows of Table II 
show software on the host system that typically runs on all systons. from the application software to the operating sys- 
tem. The conponent interfaces may be different from one operating system or host system to another, as might the list 
of peripheral devices. Between the peripheral control, which ts in software, and the physical layer lies the DML The first 
5 level of the DM! is the logical layer, shown in Table I. The second level of the DMI is the electrical physical layer, shown 
on the second to the last row of Table II. 

The electrical layer can support several different types of bus and connector architectures, including those shown. The 
only required element in the electrical level is a Display Data Channel (DDCl). its power (+5V) and ground and either 
the Med-High speed bi-directional bus or the High speed, uni-directional bus (or both are also valid). The host system 

10 reads this information out of an EEPROM or ROM on the monitor on DDCl initialization interface to the system to allow 
the configuration during power on or operating system load. 

Other connections supported by emtxxjiments of the DMI can be related back to the display level and I/O data level 
of Figure 2. In the "basic" emtxxfiment the Med-High speed, bi-directional bus relates back to the i/O data level on the 
High-speed, uni-directional bus relates back to the display level. In more advanced emtjodiments, the electrical layer 

15 data bus may serve either or both the I/O data level and display data levels of the logical layer. 

In the t)asic embodiment of the display level, the connections supported include an LVDS (low voltage differential 
signal) for high speed video data transmission with many channels, and a fiber optic link, among other embodiments. 
Additionally, in the display data level, the optional analog interface will support display devices that run an analog stand- 
ard, such as cathode-ray tube (CRT) based systems. In the basic ennbodiment of the I/O data level, connections sup- 

20 ported indude High-speed, bi-directional data buses such as IEEE 1394. universal serial bus (USB), VESA (Video 
Electronics Standards Association) standards DDC2b. Philips I^C, DDC2ab (access bus), and Q-ring (QuickRing by 
Apple Computer, Inc).. among others. 

All of these optional electrical layer connections, which are supported by the various logical layers discussed 
above, merge with the connector at the mechanical physical level. In addition, the connector at the mechanical physical 

25 level includes the mandatory electrical level interface for the DDC connection. 

The mechanical physical level can be configured in several ways. These are the actual connectors on the display 
device that allows it to communicate with the host systenx If the display device is being manufactured for a single pur- 
pose, an off-the-shelf connector could be purchased and the software configured to access the signals on that connec- 
tor in a certain way. One example of this is a connector that for discussion purposes will be referred to as CONN01. 

30 CONN01 from Table 1 1, for exanrple. may be selected from off the shelf connectors to support a subset of available inter- 
connection options. One example would be a connector that supports the DDC interface, two LVDS, IEEE1394 and the 
analog standard. One exanrple of an available connector would be Molex Inc's part number SD-71 182-1000. Another 
connector example will be referred to as CONN02. CONN02 might support the DDCl . LVDS, IEEE 1 394, USB and the 
analog interface. 

35 Ideally, one universal configurable connector will be used to support all of the available options, except fiber optic. 
However, even with the special needs for fiber optic input (a fiber optic switch or cable connector), it may be possible to 
obtain or buiW a connector that has all of the electrical connections necessary to support all of the available options and 
the f toer optic connection as well. In no way are the above examples intended to limit the applications for which these 
connectors will be used. 

40 Regardless of the actual connector used, or the limitations upon the alternatives based upon the connector used, 
the logical levels remain separate from the physical levels such that the software is not dependent upon any particular 
hardware configuratbn. nor on any particular operating system. This allows such features as plug and play interface 
components and video drivers. 

Thus, although there has been described to this point a particular emtxxiiment for a method and structure for a dig- 

45 ital display device interface, it is not intended that such specific references be considered as limitations upon the scope 
of this invention. 

Claims 

so 1 . A host system with a display device connected by a universal display device interface, said universal display device 
interface comprising: 

an initialization bus operable to interface between said host system and said display device so as to set up 
communication between said host and any peripheral devices including said display device and a subset of 
55 specific information with regard to said display device to said host system, wherein said subset includes infor- 

mation identifying a bus type and speed, and a connector type, such that said host system is operable to use 
this information to define and configure said interface for said display device; and 

a transfer tajs operable to transfer specific information with regard to said display device to said display device 
from said host system and to transfer display data. 
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3. The system as claimed in Claim 1 . wherein said transfer bus is a bidirectional bua 

4. The system as claimed in any preceding claim further comprising: 

an op«onalbi<,irec«ona. bus for transferring data between sa« host system and sa^di^^^^ 

a logical level, comprising; 

an initialization level operable to spoH cain ^ * 

an input/output data l^el Ser^le t^rS.e /i^^^^^^ ^^"^ identification; 

play device, wherein saW informa tonlS^e^ ^^ 2!^^^^^ 

device and said information is used to cSSre cSun^r/ '^^'^'.''""'"^ *° display 

play de^/ice.■ and configure communication channels between said host and saiddis- 

a^':sr^:c^j^':,t^^^^ 

or digital: and ^ '^'"^'^^ ''^'^ <»""«<*"on. wherein said display data is anal^ 

bXrsS'Sayi:.^rS^^^^ connector to complete a connect, 

nector in said mechanical level. ® " independent of said con- 

.4. . ^ , ^ ^ ^ ^ ^^^^ ^^^^ 
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(54) Hardware independent display device interface 

(57) A digital display device interface for a host sys- 
tem (12) and its display device (14) and peripherals. 
The interface has separate logical and physical levels, 
thereby making the interface independent of any hard- 
ware configuration or connector. The initialization logic 
level allows dynamic configuration of the system upon 
power up or inrtiaiization. The display data level (30) 
controls the video data sent for display in a continuous, 
full bandwidth data stream. The t/O data level (32) con- 
trols communications between peripheral devices 
(18a...18x) connected to the display device (14) and the 
system (12). 
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